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Strong modification of bonding and electronic properties in lithium under pressure becomes the origin of its
striking departure from the classical nearly-free-electron-like model. In this Brief Report, we predict the
existence of a low-energy long-lived interband electronic collective mode arising with the bcc to fcc structural
transition in lithium under pressure, which is expected to induce an abrupt plasma edge in the experimentally
observable reflectivity and also affect electronic correlations at low energies.
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Recent theoretical and experimental high-pressure studies
of lithium have yielded surprising and intriguing results.
Lithium undergoes pressure induced structural transitions
from highly compact to low-coordinated complex
structures.1–5 Although at normal conditions lithium adopts a
bcc structure and at around 8 GPa the compact fcc phase
starts to be favored, recent x-ray analysis3 revealed that
lithium also undergoes a fcc to a rhombohedral hR1 transi-
tion at 39 GPa and a hR1 to cI16 with 16 atoms per unit
cell at 41 GPa. On the other hand, despite the increasing
electric resistivity in lithium with pressure,6,7 it supercon-
ducts at around 15 K when the applied pressure rises to
30 GPa.8–11 This enhanced Tc in lithium under pressure is
even more remarkable considering that superconductivity ex-
periments at ambient pressure have failed.12 Such an unex-
pected behavior is not unique of lithium, but has also been
predicted and recently observed both in heavier alkalies13
and other elements.14 Additionally, correlated with the ap-
pearance of low-symmetry solid phases, sodium presents an
almost room melting temperature under pressure,15 and simi-
lar or even more drastic behavior might be expected in the
melting curve of lithium.16
The physical origin of all these anomalies basically relies
on the profound change of bonding and electronic properties
with pressure. The increasing orbital s-p mixing and the as-
sociated electronic localization in lithium under pressure dis-
tort its Fermi surface,17 which shows an extended nesting
that induces a phonon softening. This softening, besides pre-
luding the observed transition to complex structures,18 also
enhances the electron-phonon coupling responsible for
superconductivity.19 This striking departure from the nearly-
free-electron-like model under pressure is expected to induce
other yet unexplored anomalies. Here, we present an ab ini-
tio theoretical analysis of pressure induced modification of
the low-momentum dynamic electronic dielectric response in
lithium. According to our calculations, the bcc to fcc struc-
tural transition gives rise to besides the conventional free-
electron-like plasmon an additional new collective mode
with a lower energy. This new plasmon appears to be un-
damped because it cannot decay via any intrinsic simple
electronic scattering mechanism. In the pressure range from
10 to 40 GPa, the absorption power gradually redistributes
from the conventional plasmon to this novel feature, which
might also have a profound effect on electronic correlations
at low energies, as they are affected by screening of collec-
tive modes.20
In time-dependent density-functional theory,22 the linear
density-response function  is given by the following inte-
gral equation:
 = 0 + 0V + Kxc , 1
where 0r ,r , is the density response function of the
noninteracting electron system, Vr−r is the Coulomb in-
teraction, and Kxcr ,r , accounts for dynamical exchange-
correlation effects. As here we are interested in the analysis
of collective modes at low momentum, where exchange and
correlation effects can be neglected, we set Kxc=0. For a
















Here, G and G are the reciprocal-lattice vectors, the wave
vectors k are in the first Brillouin zone BZ, fnk represents
the Fermi-Dirac distribution function,  is a positive infini-
tesimal, and  is the normalization volume. The one-
electron energies nk and wave functions nk represent the
self-consistent electronic structure calculated within the
local-density approximation to the density-functional theory
with the lithium electron-ion interaction described by a
norm-conserving pseudopotential.21 In the expansion of 0
and , 20 reciprocal vectors G have been included. Hence,
local-crystal-field effects are included through the inversion
of matrix representation of Eq. 1.23
In bcc lithium at ambient pressure, the only existing col-
lective mode at low momentum is the conventional free-
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electron-like plasmon. Also, a weak zone-boundary plasmon
has been predicted to exist at higher momenta; however, it is
always strongly damped by electron-hole excitations.24 Fig-
ure 1 shows the calculated low-momentum dielectric func-
tion, q→0,, and the corresponding loss function,
−Im −1, for fcc lithium at P=10 GPa, close to the bcc to fcc
structural transition. Re  goes to zero at three different en-
ergies in the 4–10 eV range, leading to the presence of two
collective charge excitations. One of them labeled by A is
the conventional free-electron-like plasmon, determined by
the average valence electron density, which presents a wide
peak at 9 eV in the loss function. This plasmon shows a
width of 2.3 eV and is similar to the one observed for bcc
lithium at equilibrium. Interestingly, another feature labeled
by B is observed at 4.7 eV, which becomes remarkably dif-
ferent. At this energy, both the real and imaginary parts of 
go to zero and the ideal condition, =0, for the existence of
a well defined undamped plasmon is verified. Therefore, as
this plasmon does not suffer from any scattering due to
electron-hole excitations, it has a very long lifetime, and at
4.7 eV the loss function shows a 	-function peak, shown by
a vertical line in Fig. 1. The physical origin of this striking
feature is associated with the sharp increase of Im  at E0
=5.1 eV, which corresponds to the threshold energy for the
optical q→0 interband transitions around L, shown by
gray arrows in Fig. 2, connecting electronic states with 
l
=1 as required for optical transitions.25 Pressure induced an-
isotropic flattening of bands1,2 drops electronic states near L
below the Fermi energy and it is precisely the presence of
almost flat regions in both occupied mainly of p symmetry
and unoccupied mainly of s symmetry states around L
which leads to the observed steep increase in Im  at E0.
Interestingly, when low-momentum dispersion of this novel
feature is considered, the almost planar geometry of energy
bands around L makes it undamped in any direction.
In order to analyze the evolution of both plasmons under
pressure, we have also performed similar calculations at P
=20, 30, and 40 GPa. Figures 3 and 4 display the calculated
band structure, dielectric function, and loss function for fcc
lithium at P=40 GPa. Comparing Figs. 1 and 3, it is easy to
conclude that the transition threshold E0 due to the energy
gap around L gradually increases with pressure and induces
a blueshift of the main peak in Im , increasing the energy
corresponding to B plasmon. On the other hand, the energy
of A plasmon also increases under pressure due to the in-
crease of the total valence electron density. Observing the
evolution of the B plasmon, we see that  Re  /=pB
decreases with pressure, which leads to the increase of the
relative oscillator strength of this feature over the A plasmon.
Additionally, in the 20–30 GPa pressure range the local
minimum of Re  becomes positive and does not reach zero
at energies around 10 eV, where the A plasmon is located,
leading to an additional broadening of the corresponding
peak in the loss function.
Table I summarizes the data on the evolution under pres-
sure of plasmon properties and the threshold energy E0 for
FIG. 1. Upper panel The calculated dielectric function  for
fcc lithium at P=10 GPa. Solid dashed line shows imaginary
real part of . Calculations are for a small momentum
q=1/242 /a ,0 ,0. Lower panel Corresponding loss function,
−Im −1.
FIG. 2. Calculated energy band structure of fcc lithium at
P=10 GPa. Vertical gray arrows show the threshold for optical
transitions around L. On the right side, both the density of states
DOS and partial DOS are displayed, where solid, dashed, dotted,
and long-dashed lines correspond to total, s, p, and d DOSs,
respectively.
FIG. 3. Calculated dielectric function upper panel and loss
function lower panel for fcc lithium at P=40 GPa. All the nota-
tions are the same as in Fig. 1.
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optical interband transitions. For completeness, we also
present the data for bcc lithium at normal pressure in com-
parison with other calculations and experiments. It is inter-
esting to note that in bcc lithium at P=0 GPa, the strength of
interband matrix elements is not enough to move Re  to
zero for low energies and momenta, so that only the free-
electron-like plasmon exists.
The existence of B plasmon leads to dramatic modifica-
tion of optical properties of lithium under pressure. Figure 5
compares the optical constants n, , and the reflectivity R
for fcc lithium at 10 and 40 GPa. As we can see, when the
frequency of incident light is slightly above the B plasmon
frequency, it would experience an abrupt decrease in reflec-
tivity with the subsequent total loss of reflectivity at 5 eV
7 eV for P=10 GPa P=40 GPa. The cases of P
=20 GPa and P=30 GPa are similar with vanishing reflec-
tivity at frequencies around 5.9 and 6.5 eV, respectively. On
the other hand, as can be seen in Fig. 5, reflectivity of fcc
lithium is very different from that of bcc lithium.
In conclusion, it is well known that lithium under pressure
is far from being a nearly-free-electron-like system, as it is
confirmed by the analysis of the evolution of its low-
momentum electronic dynamic response presented here.
Electronic localization observed in compressed lithium in-
duces a flattening of electronic bands, so that electronic
states around L drop below the Fermi energy under pressure,
which allows new optical interband electronic excitations.
The sharp increase of Im  associated with these excitations
makes both the real and the imaginary part of  go to zero in
the lower part of the spectra. Therefore, besides the classical
free-electron-like plasmon, a new undamped interband col-
lective mode arises in lithium under pressure, which is ex-
pected to induce an abrupt plasma edge in the experimentally
observable reflectivity and also affect electronic correlations
at low energies. Interestingly, MgB2, which shares with com-
pressed lithium the common feature of having an enhanced
superconducting transition temperature, also presents a long-
lived low-energy interband plasmon.31 Now that inelastic
x-ray scattering has made possible the measurement of plas-
mon dispersions under pressure,32 it would be interesting to
TABLE I. Calculated energies of A and B plasmons in fcc and
bcc lithium for different pressures. The width of the A plasmon, 
p
A,
and energy gap for optical interband transitions, E0, are also shown.
For bcc lithium at P=0, we compare our result with some other







P=0 7.6 2.3 3.3
P=10 9.2 4.8 4.7 5.1
P=20 10.4 5.2 5.25 6.2
P=30 11.5 5.4 5.6 7.0
P=40 12.4 5.5 5.8 7.5
bcc
P=0 7.28 2.6
7.4 2.5 Calc. Ref. 24
7.25 2.9 Calc. Ref. 26
7.31±0.06 2 Expt. Ref. 27
7.12 2.5 Expt. Ref. 28
7.08±0.05 2.2±0.2 Expt. Ref. 29
FIG. 4. Calculated band structure of fcc lithium at P=40 GPa.
All the notations are the same as in Fig. 2.
FIG. 5. Refractive indexes n solid line and  dashed line and
reflectivity R for fcc lithium at pressures P=10 GPa upper panel
and P=40 GPa middle panel and bcc lithium at P=0 GPa lower
panel. In the lower panel, experimental data for n, , and R taken
from Ref. 30 are shown by dotted lines. Note the remarkable agree-
ment between calculated and measured optical constants for bcc
lithium at equilibrium, specially taking into account the difficulties
in extraction of experimental data.
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test experimentally the presence of the undamped mode
found here.
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